INTRODUCTION
============

Recently, laparoscopy has become the main surgical approach for elective colorectal surgery (CRS). Numerous studies have demonstrated that laparoscopic colorectal surgery (Lap-CRS) has shown favorable short-term outcomes including less analgesic use, earlier resumption of diet, and shorter hospital length of stay (LOS), with equivalent oncologic outcomes compared to open CRS (Open-CRS) \[[@B1][@B2][@B3][@B4][@B5]\]. In particular, numerous studies have revealed that Lap-CRS is associated with a lower incidence of surgical site infection (SSI) than traditional Open-CRS \[[@B6][@B7]\].

SSI is the most common healthcare-associated infection and is related to high morbidity, mortality, and higher medical costs. In a study by Kirkland et al. \[[@B8]\], the hospital LOS increased 6.5--10.2 days and the medical costs were estimated to be \$2,000--\$4,000 (United States dollar) higher in the case of SSI. In another study in Korea, the hospital LOS increased 5.2 days and the medical costs were higher by about ₩2,150,000 (Korean won) in the case of SSI \[[@B9]\]. CRS is associated with a high incidence of SSI due to the significant bacterial load involved in the organ/space. Indeed, the overall infection rate of CRS is reported to be as high as 26% \[[@B10][@B11]\]. To reduce the incidence of SSI, there have been various efforts such as preoperative mechanical bowel preparation, the use of proper prophylactic antibiotics, and increasing the use of the laparoscopic procedure \[[@B12][@B13]\].

To date, several studies have reported that Lap-CRS has favorable short-term outcomes such as a reduction in the incidence of SSI, hospital LOS, and medical costs \[[@B2][@B4][@B6][@B14][@B15]\]. Currently, there have been no studies with a large number of patients in multicenter analyses regarding the relationships between the type of surgery and SSI, hospital LOS, and medical costs in Korea. Since 2007 in Korea, the Health Insurance Review and Assessment Service (HIRA) has assessed the adequacy of the use of prophylactic antibiotics in all types of hospitals in the country for the prevention of SSI and for improving the quality of medical service in their Surgical Antibiotic Prophylaxis (SAP) assessment. Therefore, in this study with the multicenter nationwide data of the HIRA-SAP 7th assessment, we compared the hospital LOS, duration of antibiotic use, medical costs, and the incidence of SSI between laparoscopic and open approaches in patients who underwent CRS. We hypothesized that patients undergoing Lap-CRS would have favorable outcomes in terms of hospital LOS, duration of antibiotic use, hospital costs, and lower rates of SSI compared to those undergoing Open-CRS.

METHODS
=======

Study design
------------

This is a population-based retrospective study using the data collected to evaluate the adequacy of the prophylactic antibiotic use in surgery from September to November 2015 in Korea (HIRA-SAP, 2015). We collected data on patients who had undergone CRS across varied environments, from low volume hospitals up to tertiary level hospitals. Patients older than 18 years of age were included in the study. The data were collected on the basis of medical records from 86 institutions that performed a minimum level (\>10 cases) of CRS. Because the initial survey was conducted for assessing the adequacy of prophylactic antibiotic use, cases that could cause bias were excluded from the study collection. Accordingly, patients who were transferred from another hospital, patients with an American Society of Anesthesiologists physical status (ASA PS) classification of IV or greater, patients with a fever (body temperature \> 38℃) preoperatively (within 24 hours), patients on antibiotics before admission, patients with an antibiotic allergy, and patients who underwent other combined operations at the same time were excluded from this study.

Surgical site infection
-----------------------

SSI was evaluated through medical records by healthcare workers, according to the definitions of the Centers for Disease Control and Prevention (CDC; 1992). The data were collected by using a questionnaire related to SSI in a web-based system developed by HIRA. The reliability of the data was checked by other investigators and the reliability was confirmed to be \>95%. All superficial, deep, and organ/space infections were considered as SSIs in this study. The following 5 conditions were judged to be SSI: (1) purulent drainage from a superficial or deep incision; (2) organisms isolated from an aseptically obtained culture of fluid or tissue from a superficial or deep incision; (3) at least one of the following signs or symptoms of infection: fever (\>38℃), pain or tenderness, localized swelling, redness, or heat, or a superficial incision deliberately opened by the surgeon and a deep incision spontaneously dehiscing; (4) an abscess or other evidence of infection involving a deep incision found on direct examination, during reoperation, or by histopathologic or radiologic examination; (5) diagnosis of superficial or deep incisional SSI by the surgeon or attending physician.

Although according to the CDC criteria, SSI refers to a wound infection occurring within 30 postoperative days, this study only included SSIs that were identified during the hospitalization because we could not collect data after hospital discharge.

Other variables
---------------

The hospital LOS was defined as the total duration of inhospital days for CRS from the day of hospital admission to the day of discharge. The postoperative LOS was defined as the period from the day of surgery to the day of discharge. The duration of antibiotic use was defined as the sum of the number of days of in-hospital antibiotic use and the number of days of antibiotic use prescribed at discharge. The medical costs were determined by health insurance and medical benefits, including a personal burden. However, in this study, the medical costs not covered by health insurance (nonpayment items) were not included.

Statistical analysis
--------------------

All statistical analyses were performed using SAS ver. 7.1 (SAS Institute, Cary, NC USA). Categorical variables were described by frequencies and percentages and were analyzed using chi-squared tests to evaluate the differences in the general characteristics of the study patients according to the type of surgery. Continuous variables were described as means and standard deviations and Wilcoxon rank-sum tests were performed for comparisons of variables such as hospital LOS, duration of antibiotic use, and medical costs between the 2 groups. Logistic regression analysis was used to analyze the factors affecting SSI. All P-values were 2-sided and statistically significant differences were defined as those having a P-value \<0.05. This study was conducted after receiving the approval of the Institutional Review Board of the HIRA for the ethical protection of the study patients.

RESULTS
=======

Patient enrollment and baseline characteristics
-----------------------------------------------

Of 94,551 patients who underwent elective surgery in Korea between September and November 2015 (by HIRA-SAP assessment), the 3,569 patients who underwent major CRS were included in the analysis. Exclusion criteria were emergency surgery, fever, and poor general condition. Finally, a total of 2,751 patients were enrolled in this study ([Fig. 1](#F1){ref-type="fig"}). The patients were categorized into a Lap-CRS group (n = 2,272, 82.9%) and an Open-CRS group (n = 479, 17.41%). Of the included patients, 1,657 (60.2%) were men, with a mean age of 63.56 years. There were no significant differences in sex, age, or ASA PS classification between the 2 groups. When classified using the ASA criteria, patients with ASA PS classification II were the most common in each of the groups. Rectal surgery was more commonly conducted in the Lap-CRS group than in the Open-CRS group (61.88% *vs.* 54.7%, P = 0.010). Second-generation cephalosporins were the most commonly used antibiotics for surgical prophylactic purposes (67.84%) ([Table 1](#T1){ref-type="table"}).

Comparison between laparoscopic and open approaches
---------------------------------------------------

The mean hospital LOS was significantly shorter in the Lap-CRS group than in the Open-CRS group (12.18 days *vs.* 14.16 days, P \< 0.001) and the postoperative LOS was also shorter in the Lap-CRS group (8.21 days *vs.* 9.46 days, P \< 0.001). The mean duration of antibiotic use was significantly shorter in the Lap-CRS group than in the Open-CRS group (2.91 days *vs.* 3.64 days, P = 0.033). The hospital cost was significantly higher in the Lap-CRS group (₩7,525,000 *vs.* ₩7,183,000, P \< 0.001). The mean operation time was significantly longer in the Lap-CRS group than in the Open-CRS group (188.70 minutes *vs.* 180.02 minutes, P \< 0.001). An SSI was identified in 81 out of 2,272 cases in the Lap-CRS group (3.57%) and in 24 out of 479 cases in the Open-CRS group (5.01%). However, this difference did not reach the level of significance (P = 0.134) ([Table 2](#T2){ref-type="table"}).

Surgical site infection
-----------------------

In a total of 2,751 cases, there were 105 cases of SSI (3.82%). The mean hospital LOS, postoperative LOS, and preoperative LOS were longer in the SSI group than in the non-SSI group (mean hospital LOS: 20.72 days *vs.* 12.91 days, P \< 0.001; postoperative LOS: 14 days *vs.* 8 days, P \< 0.001; and preoperative LOS: 3.89 days *vs.* 2.53 days, P = 0.004). The mean duration of antibiotic use was longer in the SSI group than in the non-SSI group (13.27 days *vs.* 2.63 days, P \< 0.001). The medical costs were higher in the SSI group than in the non-SSI group (₩9,600,000 *vs.* ₩7,300,000, P \< 0.001). The mean operation time was longer in the SSI group than in the non-SSI group (219 minutes *vs.* 185 minutes, P \< 0.001) ([Table 3](#T3){ref-type="table"}).

Factors associated with SSI based on a multivariable logistic regression model
------------------------------------------------------------------------------

The factors associated with the development of SSI were assessed by logistic regression analysis. The independent risk factors affecting SSI were operation time (≥3 hours: odds ratio \[OR\], 2.101; 95% confidence interval \[CI\], 1.429--3.112; P \< 0.001) and preoperative hospital LOS (≥2 days: OR, 2.010; 95% CI, 1.347--3.000; P \< 0.001). However, the type of surgery, ASA PS classification, age, and tumor location were not independent risk factors for SSI ([Table 4](#T4){ref-type="table"}).

Comparison between laparoscopic and open approaches in terms of SSI
-------------------------------------------------------------------

Comparing the differences in the hospital LOS and medical costs between the Lap-CRS and Open-CRS groups among patients with SSIs, the mean hospital LOS was shorter in the Lap-CRS group than in the Open-CRS group, but the difference did not reach the level of significance (19.49 days *vs.* 24.88 days, P = 0.078). The mean duration of antibiotic use was shorter in the Lap-CRS group, but the difference was not significant (12.62 days *vs.* 15.46 days, P = 0.097). The average medical costs for Lap-CRS were ₩9,497,000 compared to ₩10,038,000 for Open-CRS. Lap-CRS had lower medical costs but the difference did not reach the level of significance (P = 0.936).

When all patients were classified into subgroups according to their age and ASA PS classification, however, in elderly patients over 65 years old, the hospital LOS and the mean duration of antibiotic use were significantly shorter with Lap-CRS than with Open-CRS (hospital LOS: 19.0 days *vs.* 33.3 days, P \< 0.001; duration of antibiotic use: 11.82 days *vs.* 21.0 days, P = 0.001). In addition, among ASA PS classification II patients, who were the most common in the present study, Lap-CRS resulted in a significantly shorter hospital LOS than Open-CRS (19.35 days *vs.* 26.42 days, P = 0.014) ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

The major findings of this study were that patients who underwent Lap-CRS experienced a shorter hospital LOS and a shorter duration of antibiotic use than those who underwent Open-CRS. In addition, this study demonstrated that SSI leads to an increase in the hospital LOS, duration of antibiotic use, and medical costs, in agreement with many previous studies \[[@B9]\]. Although the difference in the incidence of SSI between the 2 groups did not reach the level of significance, the incidence of SSI was lower with Lap-CRS. When we compared the differences between Lap-CRS and Open-CRS only in patients with SSIs, we could not confirm significant differences. However, in a subgroup analysis, Lap-CRS was associated with reduced hospital LOS, especially in the elderly group and the ASA II group.

In the present study, about 82.59% of CRS (84.29% in rectal surgery and 80.05% in colon surgery) were conducted using a laparoscopic approach during the research period in Korea. This may be explained by the introduction of The Korean Society of Coloproctology\'s "Korean Laparoscopic Colorectal Surgery Study Group," which was founded in 2000 for disseminating pertinent information and standardizing surgical techniques. These efforts allowed Korean surgeons to be trained in Lap-CRS through a number of training programs and regular meetings. According to the "Comparison of Open versus laparoscopic surgery for mid and low REctal cancer After Neoadjuvant chemoradiotherapy (COREAN)" trial in Korea, laparoscopic surgery is feasible and results in a better quality of life for patients with rectal cancer who have undergone laparoscopic surgery after neoadjuvant chemoradiotherapy \[[@B16]\]. It is believed that, based on the results of the study, laparoscopic techniques have been encouraged in rectal surgery in Korea. As many other studies have confirmed, the laparoscopic approach has become the mainstay of CRS currently and its utilization has continued to increase \[[@B17][@B18]\]. Several previous reports have demonstrated that the oncologic outcome of Lap-CRS is comparable with that of Open-CRS in colorectal cancer. In the "Medical Research Council Conventional versus Laparoscopic-Assisted Surgery in Colorectal Cancer (MRC CLASICC)" trial, differences were not found between the laparoscopic and open surgical approaches in terms of overall survival, disease-free survival, and local and distant recurrence \[[@B1]\]. In addition, laparoscopic surgery is known to have favorable short-term outcomes such as less analgesic use, earlier resumption of diet, better cosmetic result, shorter hospital LOS, and lower SSI rate than open surgery \[[@B2]\].

Among perioperative morbidities, SSI is the most frequent healthcare-associated infection and is known to be associated with a longer hospital LOS and higher medical costs. The risk factors for SSI are divided into patient-related factors and procedure-related factors. Patient-related factors include high body mass index, comorbidity, perioperative steroid use, cigarette smoking, and previous laparotomy history. Procedure-related factors include prolonged operative time, bacterial contamination, and large incision length according to the operative approach \[[@B7][@B19][@B20]\]. Prophylactic antibiotics are an important strategy in the prevention of SSI. In Korea, the administration of SAP was recommended via an intravenous route within 1 hour before skin incision. The use of prophylactic antibiotics varies from hospital to hospital and reflects how well hospitals follow the guideline. The adequacy of prophylactic antibiotic use was reported to be 98.6% in large-volume or tertiary hospitals and 90.7% in small-volume hospitals. Additionally, the mean duration of antibiotic use was reported to be 2.53 days in the large-volume hospitals and 4.12 days in small-volume hospitals. In addition to the proper application of prophylactic antibiotics, the increased use of laparoscopic surgery has played an important role in reducing SSI. Over the past 2 decades, with the widespread application of Lap-CRS and with the effort for proper application of prophylactic antibiotics, the incidence of SSI has decreased (2.7%--8.8%) \[[@B6][@B10]\]. A study by Kagawa et al. \[[@B15]\] demonstrated that the widespread use of laparoscopic surgery to treat colon disease may confer protection against SSI. The contributing factors associated with the lower incidence of SSI with laparoscopic surgery are believed to be the smaller surgical incision, decreased tissue trauma, and elimination of mechanical retraction of the abdominal wall \[[@B12]\]. Based on logistic regression analysis in the present study, the factors associated with SSI were operation time longer than 3 hours and preoperative hospital LOS longer than 2 days. There has been controversy about the hypothesis that a long preoperative LOS increases the risk of SSI \[[@B21][@B22][@B23]\]. A study by Mujagic et al. \[[@B23]\] reported that preoperative LOS is not associated with SSI. However, several studies have suggested that a long preoperative LOS is a risk factor for SSI \[[@B21][@B22]\]. The reason for this has not been clearly elucidated, but the hospital environment is a known source of bacterial contamination. In addition, older age, poor general condition, and severe comorbidities may cause in-hospital delay. SSI and increased hospital LOS can also result in increased medical costs. Therefore, if clinicians try to prevent SSI, these efforts can also reduce medical costs.

From an economic point of view, the benefits of laparoscopic surgery are controversial. Research by Keller et al. \[[@B24]\] showed that laparoscopy is cost-effective for colorectal cancer surgery, improving both healthcare expenditures and patient outcomes. In their study, the total cost was significantly lower in the Lap-CRS group than in the Open-CRS group (mean cost: \$17,269 *vs.* \$20,552, P \< 0.001). In addition, Lap-CRS had a significantly shorter hospital LOS, less utilization of intensive care unit care, and lower rates of skilled nursing facility utilization at discharge, all with the potential for substantial cost savings \[[@B24][@B25]\]. However, a study by Liang et al. \[[@B26]\] showed that a laparoscopic colectomy was more expensive than open surgery (by approximately \$266.39, P \< 0.05). They said the reason for the result is the high additional cost of laparoscopic surgical instruments and devices, as well as the longer operative time. Mar et al. \[[@B27]\] assessed the cost-effectiveness of Lap-CRS through quality-adjusted life years (QALYs). According to their analysis, laparoscopy has been found to be more cost-effective because it was associated with more QALYs and lower costs. However, the study showed that laparoscopy could reduce health benefits for elderly patients over 80 years of age \[[@B27]\]. On the other hand, Vignali et al. \[[@B28]\] demonstrated that Lap-CRS in an older age group (\>80 years) is safe and provides the same short-term benefits as for the group of younger-aged patients in terms of a shorter hospital LOS, fewer postoperative complications, and better physical independence at discharge as the younger individuals enjoy. There are conflicting reports regarding the cost-effectiveness of Lap-CRS, which may be due to different health insurance systems in different countries. The results of our study showed that the occurrence of SSI significantly increased medical costs, but the economic benefits of Lap-CRS were not established.

Our study has several limitations. First, the retrospectively collected data were for the evaluation of proper prophylactic antibiotic administration and not focused on the evaluation of SSI or other variables. The incidence of SSI in this study was 3.82%, which was lower than that in other studies, and may indicate that the SSI rate was underestimated. Generally, the diagnosis of SSI is defined as an infection that occurs within 30 days postoperatively according to criteria set by the CDC in 1992 \[[@B29]\]. Strict 30-day follow-up after the operation is important to obtain reliable data on the incidence of SSI \[[@B2]\]. In this study, however, only infections that were identified during the hospitalization were included and any SSIs that occurred after discharge were not identified. Moreover, because the data used in this study were collected on the basis of medical records, there may be problems related to reliability and validity. The reliability of the survey data was confirmed to be more than 95%, but validity could not be verified because the data not recorded in the hospital medical record could not be confirmed. A previous study by Mangram et al. \[[@B30]\] suggested that the risk factors for SSI be divided into patient-related factors and surgical procedure-related factors. However, HIRA does not provide data about patient-related factors such as nutritional status, smoking, and obesity or procedure-related factors such as the condition of the operating room and the surgical technique. Therefore, we were not able to adjust for these variables. Finally, medical costs not covered by health insurance were not included and this could also be considered a limitation of the study. Nevertheless, the current study is important because it included a significant number of patients who underwent CRS at all types of medical institutions in the country where CRS was performed above a minimum level (\>10 CRS cases).

In summary, this nationwide population-based cohort study shows that Lap-CRS has favorable short-term outcomes such as a short hospital LOS and a short duration of antibiotic administration. Although it did not show significant benefits in the reduction of SSI and medical costs due to several limitations, the incidence of SSI was lower in the Lap-CRS group. In this context, the socioeconomic effects of laparoscopic surgery can be expected by reducing the LOS, the duration of antibiotic use, and the rate of SSI. If SSI was evaluated for the 30 days after the surgery, we would be able to confirm this socioeconomic effect more clearly. On the other hand, the additional cost of laparoscopic surgery materials is only ₩239,000, which has not changed since 2006. Considering the socioeconomic effects of laparoscopic surgery, it would be better to expand and utilize laparoscopic surgery in more fields. In order to do this, proper reimbursement suitable for the current medical environment is necessary. In the near future, if there was a well-designed large-scale prospective study, it would be helpful to confirm the benefits of Lap-CRS in terms of hospital LOS, incidence of SSI, and its socioeconomic effects.
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![Flow chart for patient enrollment. HIRA-SAP, Health Insurance Review and Assessment Service Surgical Antibiotic Prophylaxis; ASA PS, American Society of Anesthesiologists physical status.](astr-98-315-g001){#F1}

###### Baseline patient characteristics
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Values are presented as number (%) or unless otherwise indicated.

CRS, colorectal surgery; ASA PS, American Society of Anesthesiologists physical status.

###### Comparison between laparoscopic and open colorectal surgery

![](astr-98-315-i002)

Values are presented as mean ± standard deviation or number (%).

CRS, colorectal surgery; LOS, length of stay; Postop, postoperative; Preop, preoperative; Tx, treatment; KRW, Korean won.

###### Association between SSI and other variables
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Values are presented as mean ± standard deviation.

SSI, surgical site infection; LOS, length of stay; Postop, postoperative; Preop, preoperative; Tx, treatment; KRW, Korean won.

###### Logistic regression analysis for surgical site infection (SSI)
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OR, odds ratio; CI, confidence interval; Open, open colorectal surgery; Lapa, laparoscopic colorectal surgery; Preop, preoperative; LOS, length of stay; ASA PS, American Society of Anesthesiologists physical status.

###### Comparison between Lap-CRS and Open-CRS among the SSI group (n = 105)
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Values are presented as mean ± standard deviation or number (%).

Open, open colorectal surgery; Lapa, laparoscopic colorectal surgery; Preop, preoperative; CRS, colorectal surgery; SSI, surgical site infection; LOS, length of stay; Tx, treatment; KRW, Korean won; ASA PS, American Society of Anesthesiologists physical status.
